INTRODUCTION
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ciency and standardization of culture operations (LING, 1969a; FUJIMURA & OKAMOTO, 1970; SANDIFrt~ & SMITH, 1974) . Recent reports have indicated that relatively high larval survival and postlarval production can be accomplished routinely (FuJIMURA, 1974; SANDIFER & SMITH, in press ).
The use of algae in prawn larval culture has been stressed by FUJIMURA (1966) and FUJIMURA & OKAMOTO (1972) . They reported that cultures supplemented with "green water", a dense mixture of phytoplankton and zooplankton, normally result in an increase in larval survival and a decrease in the length of time to sto&able postlarvae. WICKINS (1972) reported that unialgaI culture also appears to augment the efficiency of larval culture. In experiments testing three algal species, he found that two species, lsochrysis galbana and Tetraselrnis suecica, increased growth and survival of larvae when used in combination with Artemia salina nauplii. A recent study by MADDox & MANZI (in press) strongly indicated that unialgal supplements enhance the culture of M. rosenbergii larvae. They evaluated seven algal species commonly used in mariculture operations and found all supplements increased survival of larvae and production of postlarvae and decreased the length of time to metamorphosis. Of the algal species tested, the Chrysophytes, particularly the diatom PhaeodactyIum tricornutum, appeared to be the most valuable supplements. These treatments routinely resulted in approximately 30 °/0 greater overall survival and between 40 and 50 % more postlarvae than control treatments. The study by MADI3OX & MANZI (in press) was performed entirely in static culture using a synthetic seawater formulation (Instant Ocean; Aquarium Systems, Inc.) in semi-weekly water changes. Although static system culture allows the investigator to easily maintain high food densities its cost, both in labor and sea salts, may make it prohibitive on a commercial scale. In order to determine if the algal enhancement of larval culture in static systems is translated to recirculating systems an additional experiment with algal supplements was performed as part of an interdisciplinary program in the development of Macrobrachium aquaculture in South Carolina. The primary objective of this study was to evaluate the effect of algal additions in the culture of Macrobrachiurn rosenbergii larvae in a recirculating synthetic seawater system.
MATERIALS AND METHODS
Pbaeodactylum tricornuturn was suggested as the best algal supplement tested in static system culture (MADDOX & MANZI, in press ). This species was reared from unispecific algal cultures, maintained in 15 ml culture tubes at 19 ° C and a 14 hour/ 10 hour light-dark cycle at the Marine Resources Research Institute's (MRRI) algal culture facility. Tube cultures, 4-7 days old, were used to start 150 ml cultures which were used to inoculate 2.2 1 Fernbach cultures. Fernbach cultures were then used as inocula for 15 1 carboy cultures. All cultures were reared in sterile natural brackish water (,'~ 20 °/00) enriched with N~M (DvvuY, 1973) and a vitamin mix. Cell densities in all cultures were monitored by quadruplicate hemocytometer counts. A quantity of algal culture sufficient to produce an average of 340,000 cells/ml was added daily to each larval culture except controls.
Apart from the addition of algal supplements in the experimental treatments all larval cultures were maintained following standard rearing techniques for M. rosenbergii larvae (FtJjI~xuRA, 1966; LING, 1969a; 1969b; FUJIMURA & OKAMOTO, 1970; WICKINS & BEARD, 1973) as modified at the MRRI (SANI) IF~r, & SMITH, 1974; SMITH et al., in press ). Larvae were reared in 60 1 black fiberglass rounded bottom tanks at a volume of 50 1 and a stocking density of 75 larvae/l. The tanks were arranged five to a table in a controlled environment room supplied with constant light and aeration and maintained at 28 + 1 ° C. Submersed gravel filters were used to recirculate water to three tanks on each table (Fig. 1 ). With this design three tanks were run off a single filter and served as control replicates, three tanks were run off a second filter and served as experimental (algal supplemented) replicates, and three of the remaining four tanks were used as static system experimental replicates. Thus, the experimental design consisted of three treatments: a recirculating control, a recirculating algal supplemented treatment, and a static algal supplemented treatment, each represented by three replicate cultures. The filters were constructed in 170 1 rectangular plastic containers. Approxinaateiy 0.028 m 3 of dolomite gravel (3.0-5.0 mm diameter) was spread over plastic screens forming an 18 cm layer 13 cm above the container bottom ( Fig. 1) . Water was continuously filtered by circulation through an airlii°c standpipe (Fig. 1) . The filters were activated with additions of ammonium chloride using the method described by SRNA (1975) . Once daily water was circulated through the culture tanks at the rate of approximately 2 1/minute by a 1/20 hp submersible pump (model no. LC-3C-MD; Mar& Manufacturing Co.). Recirculation was continued each day for a period of time sufficient for 3-4 tank water turnovers. Synthetic seawater (Instant Ocean; Aquarium Systems, Inc.) was used exclusively in the larval culture and was changed three times weekly in the static cultures. AI1 tanks were emptied, cleaned, and scalded once a week.
Nauplii of Artemia salina (San Francisco Bay Brand, Newark, California) were used as the primary ration during all stages of larval culture. Cysts were hydrated under constant aeration and light in 15 1 plastic tanks at 28 + 1 ° C and 25 %0 S using standard rearing techniques (Sol<oELOOS, 1973; PERSOONE & SOt~GELOOS, 1974 , 1975 . Nauplii were harvested 20 to 24 hours aider cyst immersion and fed to the M. rosenbergii larvae at a concentration of 10 nauplii/ml. Nauplii were added daily to all cultures immediately al°ter each recirculation. Atter day 9 of the culture this primary ration was supplemented with an average of 1.25 cc of MugiI sp. roe fed twice daily to each tank.
Evaluation of the algal supplement was determined by estimates of larval growth and periodic counts of larvae and postlarvae. Growth was measured by a larval stage index (LSI) based on the 11 stages described by UNO & KWON CHIN SOO (1969) . This index is a measure of central eendency calculated by a weighted average method (i.e. the numbers of larvae at each stage were multiplied by the stage number and the sum of the products was divided by the total number of larvae sampled). Since the LSI is based on an open ended scale (postlarvae are not included) it is necessarily biased toward values below 10. Thus almost all larvae have to be stage 10 or 11 co derive high index values (9-11). Survival was determined by actual counts at the initiation and days 16, 23, 28, and 34 of the culture.
Total ammonia, nitrite, nitrate, and pH were monitored daily for the first nine days, then ammonia daily for one week (days 16 through 23) using LaMotte Chemical Products Company (Chestertown, Maryland) marine aquarium test kits. The recirculating treatment tanks as well as the filters were sampled immediately before the recirculating/filter periods. The static tanks were also sampled before water exchange.
RESULTS AND DISCUSSION
Larval stage advancement was similar in all cultures through day 7 (Fig. 2) . At this point (LSI = 4.4) algal supplemented cultures began to deviate from controls. Subsequently algal treatmen~ts showed comparatively more rapid stage advancement. Both algal supplemented treatments (recirculated and static) indicated similar larval growth rates with stage 10 (LSI) occurring 4 to 5 days respeotively, before controls. Initial postlarval observations are also included on Figure 2 and show that postlarvae were first observed in the static algal supplemented cultures (day 18), nex~ in the recirculating algal supplemented cultures (day 21), and last in the controls (day 23). These results on larval growth followed closely the results of previous experiments by the authors (MADI~OX & MANZI, in press); however, this experiment did show slightly more rapid growth and earlier initial postlarvae observations in all treatments.
Survival in all treatments was assessed by actual counts of larvae and postlarvae (Fig. 3) . Counts at day 16 indicated slightly higher survival in the algal treatments but all treatments averaged above 90 °/0 survival. By day 23 all treatments shorted very similar mean survival, 86-89 °/0. Subsequently, survival in the control cultures, 73 °/o (55/1) in the static algal supplement cultures, and 41 °/0 (32/1) in the control treatment survival (50.9 0/0) was appreciably lower than survival in either the static algal supplemented treatment (75.5 %) or the recircula~ted algal supplemented treatment (82.7 0/0). Total percent survival in each replicate was analyzed by single classification analysis of variance (ANOVA) aider normalizing the percentage data by angular transformation and testing for homoscedasticity with the Fmax-test (SoKAL & ROHLr, 1969) . Appropriate a priori comparisons were selected and results of the complete ANOVA are presented in Table 1 . Overall treatment variance was significant (a = 0.05) indicating real differences in survival among treatments. When total treatment variance was partitioned into algal versus control treatments and among algal treatments it became apparent that overall variance was supported only by differences (a = 0.01) between the algal and control treatments. There appeared to be no significant difference between the algal treatments. Postlarval production was compared through evaluation of larval and postlarvaI dynamics (Fig. 4) . Postlarvae appeared first in the algal supplemented cultures, and by day 23 approximately 18 % of the larvae in the algal supplemented treatments had metamorphosed. The control had less than 2 % on the same day. Postlarval production peaked in the algal supplemented cultures by day 28 averaging approximately 65 °/0 of the stocking density to postlarvae (,-~ 48 postlarvae/1). Control cultures averaged less than 23 °/0 to postlarvae (-,, 16 postlarvae/1) on the same date. Final postlarval production averaged approximately 78 °/0 (59/1) in the recirculating algal supplement cultures, 73 °/0 (55/1) in the static algal supplement cultures, and 41 °/0 (32/I) in the control cultures. Postlarval production was also analyzed by single classification ANOVA. The percentage of postlarvae produced by each replicate of each treatment was normalized by the angular transformation and the variances of the transformed treatments were tested for homogeneity of variance. Overall treatment variance was significant at the 95 °/0 level (Table 2) but was supported only by differences between algal and control treatment (a = 0.01). Thus, postlarval production, like survival, was significantly different only in comparisons between algal treatments and controls - there were no significant differences in either postIarval production or survival between static and recirculating algal supplemented cultures. Comparisons between the above results and those reported in the literature produce several salient points. First, larval development, survival, and postlarval production are similar to results previously reported (MADDOX & MANZI, in press) for static cultures -this applies to controls as well as algal treatments. Second, total survival and postlarvai production in actual numbers of animals/1 are the highest reported. At a stocking density of 75 larvae/1 our results showed total survival and postlarval production of 62 and 59 animals/1 respectively for recirculating algal supplemented cuhures, 57 and 55 animals/l, respectively for static algal supplemented cultures, and 38 and 32 animals/l, respectively for the controls. FUJIMURA & OKAMOTO (1972) reported estimates of survival and postlarvai production at 11.0 to 15.0 animals/l, WICKINS (1972) at 10.5 to 12.4 animal/l, and SANDIFrP, (in press) at 25 to 32 animals/1. At a sto&ing density of 50 larvae/l, MADI~OX & MANZI (in press) reported total survival of from 37 to 45 animals/1 in static algal cultures. In the above comparisons the only other authors using both algal supplements and similar stocking densities were FUJIMURA & OKAMOTO (1972) . Finally, larval growth and development proceeded at a rate somewhat more rapid than normally reported. Cultures supplemented with P. tricornuturn exhibited stage 10 (LSI) by day 18 and both static and recirculating algal supplemented cultures showed greatest postlarval production by day 28. This is five to seven days earlier than previously reported (FuJIMURA, 1966; FUJIMURA & OKAMOTO, 1972) .
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Results of water quality monitored over the first nine days consistently showed higher levels of ammonia in static algal supplemented treatments (to 4.0 rag/l) than in recirculated algal supplemented treatments (to 2.0 mg/1) and controls (to t.2 mg/I). Nitrite and nitrate levels remained highest in the recirculated algal treatment (2.15 and > 70.4 rag/l, respectively) than in either the static (0.99 and 19.8 rag/l) or control (1.82 and 66.0 mg/1) treatments. Between days 16 and 23 of the culture (aflcer initiating fish egg supplements) ammonia levels increased in all treatments with a high of 5.85 mg/1 in the static treatment and 2.60 mg/1 in both the algal supplemented and control recirculating treatments. These results indicated, as did previous experiments (MADDOX & MANZI, in press) , that the water quality parameters measured have little if any relationship to the enhancement of M. rosenbergii larval culture by aIgal supplements. SUMMARY 1. A comparative study of algal supplement (Phaeodactylum tricornutum) enhancement of static and recirculating Macrobrachium rosenbergii larval culture was conducted. 2. Algal supplements significantly increased larval survival in both static and recirculafing culture systems. 3. Algal supplements significantly increased postlarvaI production in both static and recirculating culture systems. 4. There was no significant difference in either survival or postIarval production between algal supplemented static and recirculating culture systems. 5. The rate of larval development was appreciably increased by the additions of an algal supplement. 6. The chemical parameters of water quality monitored (NH4, NO~, NO~) did noch appear to be related to the algal supplement enhancement of M. rosenbergii larval culture.
